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Periprosthetic osteolysis (PPO) is a biologic process of bone
resorption, seen as radiolucent lines or areas on radio-
graphs. It has been well described after total joint replace-
ment, mostly in the hip. Its causes are multifactorial, and it
is supposed that the occurrence of debris, especially poly-
ethylene, may play an important role.1,2 A correlation
between polyethylene wear and implant loosening has
been found in several clinical studies,3 and it is documented
that polyethylene wear is diminished by the use of highly
cross-linked polyethylene.4,5 Furthermore, it is well known

that some patients develop focal PPO without implant
loosening.6

In a recent study, based on data retrieved from the
International RE-MOTION Register, it was brought to light
that PPO may occur frequently after total wrist arthroplasty
(TWA): signs of implant loosening were reported in 6 of 52
cases (11%) seen at follow-up 5–9 years after operation and
PPO without implant loosening in another 11 cases (21%),7

but these figures were only estimates, because it was left to
the judgment of the surgeons who contributed to the register
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Abstract Background and Literature Review Periprosthetic osteolysis (PPO) after second- or
third-generation total wrist arthroplasty (TWA), with or without evident loosening of the
implant components, has previously been reported in the literature, but rarely in a
systematic way.
Purpose The purpose of this study was to analyze the prevalence, location, and natural
history of PPO following a TWA and to determine whether this was associated with
prosthetic loosening.
Patients and Methods We analyzed 44 consecutive cases in which a RE-MOTION TWA
(Small Bone Innovations Inc., Morrisville, PA, USA) had been done.
Results We found significant periprosthetic radiolucency (more than 2 mm in width)
at the radial component side in 16 of the cases and at the carpal component side in 7. It
developed gradually juxta-articularly around the prosthetic components regardless of
the primary diagnosis, and seemed to stabilize in most patients after 1–3 years. In a
small percentage of the patients, the periprosthetic area of bone resorption was
markedly larger. In general, radiolucency was not related to evident loosening of the
implant components, and only five carpal components and one radial had subsided or
tilted.
Conclusion Periprosthetic loosening is frequent following a TWA. In our series it was
not necessarily associatedwith implant loosening and seemed to stabilize within 3 years.
Close and continued observation is, however, recommended.
Level of Evidence Therapeutic IV
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whether PPO was considered present or not. Moreover, no
attempt was made to quantify the magnitude of PPO.

The purpose of this study was to analyze the prevalence,
location, and natural history of PPO following a TWA and to
determine whether this was associated with prosthetic
loosening.

Materials and Methods

We included radiographs of consecutive patients operated in
two wrist centers performing a TWA using the RE-MOTION
prosthesis (Small Bone Innovations Inc., Morrisville, PA, USA)
on a regular basis. In these centers, we routinely followed the
patients with annual clinical and radiographic examinations,
including standard posteroanterior and lateral views of
the wrist after a TWA. The mean follow up was 3.7 years
(2–6 years). We excluded patients with less than 2 years
follow-up and cases that had been revised with removal of
implant components for other reasons than loosening. De-
mographics are shown in ►Table 1.

We defined radiological spots for the measurement of
radiolucency on digitalized posteroanterior (PA) radiographs
(►Fig. 1) andmeasured themaximalwidth of the radiolucent
zones at these spots, perpendicular to the surface of the
implant components, using Sectra measurement software
(Sectra AB, Linköping, Sweden). Both authors performed
the measurements together, one measurement for each
spot. We calculated the average of the measurements at
zones 1–3, 4–5, 6–8, and 9–10. For example, if the maximal
width at location 4 was 3 mm and it was 4 mm at location 5,
thiswould be recorded as an averagewidth of 3.5 mmat zone
4–5. For each patient, we plotted these figures as a function of
time.

Furthermore, we measured the angle between the radial
component and the long axis of the radius, aswell as the angle
between the carpal peg and the axis of the third metacarpal.

Finally, we measured the distance between the tip of the
radial implant and the tip of the radial styloid, as well as the

distance between the tip of the carpal peg and the third
carpometacarpal (CMC) joint space. We defined frank loos-
ening of the components as increasing angulation or subsi-
dence over time, based on these measurements.

Results

Forty-four cases fulfilled the inclusion and exclusion criteria.
The width of radiolucency in zone 1 averaged 0.05 mm

(range 0–1), and 0.17 mm in zone 6 (range 0–3.4) respectively,
indicating minimal radiolucency at the extremities of the

Table 1 Demographics of 44 patients

Mean age and range at operation 59.7 (34–84)

Sex 12 male, 32 female

Mean follow-up time and range 3.7 (2–6) years

Diagnosis

• Rheumatoid arthritis 21

• Idiopathic osteoarthritis 10

• Posttraumatic arthritis after
distal radius fracture

4

• SLAC wrist (scapholunate
advanced collapse)

3

• Miscellaneous (Kienböck,
Madelung)

2

• Revision of failed TWA 4

Fig. 1 Spots for the measurement of the width of radiolucency on
serial PA radiographs.

Fig. 2 Radiolucency 5 years after TWA: There is pronounced radio-
lucency near the joint but no radiolucent zones at the extremities of
the components. Neither was there subsidence or progressive angu-
lation of the implant.
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components. By contrast, the width averaged 2.0 (range
0–9) mm at zone 4–5 and 1.0 (range 0–7) mm at zone 9–10,
indicating that radiolucency mainly developed juxta-articu-
larly (►Fig. 2).

A total of 26 of the 44 patients (59%) had radiolucency of
2 mm or less in zones 4–5, while 37 of 44 patients had
radiolucency of less than 2 mm in zones 9–10 (84%). In 15
patients (34%) the radiolucency was between 2 and 4 mm at
zone 4–5 and in four patients at zones 9–10 (9%).

►Fig. 3a, b shows the development of radiolucency at the
juxta-articular spots in function of time for each
patient: ►Fig. 3a shows zones 4–5 and ►Fig. 3b shows zones
9–10. In the cases inwhich the radiolucency was 2 mm or less
(mean of zones 4–5, ►Fig. 3a) this seemed to remain stable
over time. In 14 cases radiolucency at zones 4–5 increased
slowly to 2–3 mm and stabilized after 3–4 years. In two cases

radiolucency at zones 4–5 developed more dramatically dur-
ing the first 2 years, although not causing angulation or
subsidence of the radial implant.►Fig. 4a–c shows an example
of this phenomenon. At zones 9–10, a total of seven patients
(16%) had a radiolucency of more than 2 mm at some time
during the observation period (►Fig. 3b). In two cases the
width of radiolucency increased at first but later decreased, as
the carpal plate sank into the osteolytic area. The radiographs
of the other five patients did not show any subsidence.
Conversely, there were three other patients with subsidence
who did not develop a radiolucency of 2 mm or more. In these
cases no radiolucent line appeared because the zone of bone
resorption collapsed gradually, as the carpal component sank
in the osteolytic area (►Fig. 5a, b). The number of patientswas
too small to draw any conclusions between rheumatoid and
nonrheumatoid cases (►Table 2).

Fig. 3 (a) Width of radiolucent zones at zone 4–5 in function of time. Each line represents a single case. X-axis: length of follow-up in years. Y-axis:
Width of radiolucency in mm. (b) Width of radiolucent zones at zone 9–10 in function of time. Each line represents a single case. X-axis: length of
follow-up in years. Y-axis: Width of radiolucency in mm. The arrows indicates a maximal width of radiolucency under the carpal plate at 2 years
after operation in this particular case (6.2 mm), and at 4 years, where the radiolucent zone was reduced to almost 0 mm, as the carpal plate sank
into the carpus
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Evident loosening of implant components, defined as pro-
gressive angulation or subsidence,was seen in 6 out of 44 cases
(14%):five carpal components, one radial. Subsidencewas seen
in six cases: Radial subsidence started to be visible at 2 years in
one patient, carpal subsidence at 2 years in three patients, at
3 years in one patient, and at 4 years in one patient.

Discussion

PPO after second- or third-generation totalwrist arthroplasty
(TWA), with or without frank loosening of the implant

components, has previously been reported in the literature,
but rarely in a systematic way.8–24 Eight studies reported
osteolysis without evident loosening of the implants.

Cobb and Beckenbaugh analyzed a consecutive series of 64
Biaxial TWAs systematically, with a follow-up time of 5–9
years (average 6.5).25 In 12 out of 46 wrists (26%), there was
progressing radiolucency at the carpal component, seven of
which were revised (15%). Subsidence of the carpal compo-
nent was present in seven cases after 1 year and in 20 (43%)
cases at final follow-up.

Groot et al published a case with PPO 11 years after
implantation of a Biax implant, in which macrophages con-
taining polyethylene and metallic particles were found at the
histopathological examination.26

Ward et al have followed 24 rheumatoid wrists with a
cemented Universal I TWA. Among the 19 caseswith a follow-
up time of more than 5 years, nine had been revised due to
loosening of the carpal component. The authors stated that
there was polyethylene wear and metallosis in all these
cases.21

Similar osteolysis has been reported usingmetal-on-metal
implants as well. Radmer et al reviewed APH implants, which
are titanium-coated at the articular surfaces, without inter-
calated polyethylene.8 Follow-up period was 52 months
(range, 24–73). Radiolucent lines larger than 2 mm were
present in 30 of 36 patients (83%), including 30 on the
metacarpal side and 5 on the radial side. Reigstad et al
reported focal osteolysis in the radius around a metal-on-
metal implant in three patients without affecting the clinical
outcome, the largest including most of the radial styloid,
which stabilized after one year.16

Bone resorption has also been observed frequently after
ulnar head replacement, in which no artificial components

Fig. 4 (a) 6 weeks after TWA. Bone grafting was performed ulnarly under the radial component. Because of considerable resection of the carpal
bones, the ulnar screw and the central carpal peg cross the CMC joint. No periprosthetic osteolysis. (b) The patient had gradually developed a
growing radiolucency in zones 4 and 5, here shown at 4 years after operation. The annual radiographs did not reveal any angulation or subsidence
of the radial component. Radiolucency is also present around the carpal component, including the peg and the screws. (c) A computed
tomography (CT) scan 4.5 years after operation confirms periprosthetic osteolysis distally around the radial component but no loosening of this
componentmore proximally. Seemingly, there is a narrow radiolucent line around the extremity of the radial component away from the wrist joint,
but this is an artifact created by the O-MAR software. On the other hand, there seems to be a radiolucent area around the screws.

Fig. 5 (a) 6 weeks after operation. The carpal peg does not penetrate
the third CMC joint. (b) Same case as in a, 2 years after operation. The
carpal plate has sunk in the carpal bones and the carpal peg penetrates
the third metacarpal.

Journal of Wrist Surgery Vol. 3 No. 2/2014

Total Wrist Arthroplasty: Osteolysis Boeckstyns, Herzberg104

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



articulate with each other. This resorption seems to stabilize
after 6–12 months and is ascribed to stress shielding.27,28

In our series, juxta-articular radiolucency larger than
2 mm was seen in 18 of 44 cases (41%), in 11 at the radial
side only, in two at the carpal side only, and in five at both
sides: In some patients it was visible already 1 year after
operation, while in other patients it did not appear at all, even
6 years after operation (►Figs. 3a, b). We attempted to treat
one of the cases that developed radiolucency without loos-
ening of the implant, by bone grafting, because this rheuma-
toid patient presented with an increasing cystic ganglion at
the dorsumof thewrist. Radiolucency recurredwithin 2 years
(►Fig. 6a–c). No samples were collected for histopathological
examination in this case. The main strength of our study is
that we have followed a consecutive group of patients with
annual radiographical examinations,.Wewere able to answer
the questions formulated in the introduction of this paper
with reasonable validity. We found significant periprosthetic
radiolucency, more than 2 mm in width, relatively frequent-
ly: at the radial component side in 36% of the cases and at the
carpal component side in 16%. It developed gradually juxta-
articularly around the prosthetic components during the first
years after operation, regardless of the primary diagnosis, and
seemed to stabilize in most patients after 1–3 years at a level
of a few mm. In a small percentage of the patients, the
periprosthetic area of bone resorption was markedly larger.
This number of patients is too small to indicate clearly
whether it stabilizes after 2–3 years or is continuously

progressing. On the other hand, radiolucency did not at all
develop at the extremities of the components to the same
extent as near the joint and in general was not clearly related
to evident loosening (angulation or subsidence over time):
only one radial component was loose at latest follow-up, and
only two of the carpal implants with major periprosthetic
bone resorption had subsided. Weaknesses of this study
include the fact that the examiners were not blinded and
there was no calculation of intraobserver agreement. We did
not perform histology to rule out osteolysis possibly due to
polyethylene wear particles.

Our data, based on a single metal-on-polyethylene im-
plant, do not allow us to draw any conclusion on the possible
causes of bone resorption without implant loosening. From
the literature cited above, several possible mechanisms could
play a role: metallic or polyethylene-induced osteolysis or
stress-shielding. The mere simultaneous occurrence of debris
and radiolucency is not in itself a proof of a causal relationship
between these two phenomena. Further investigations are
necessary to elucidate the question. It is difficult to infer any
practical consequence of our findings for the time being. So
far, we have adopted the policy of not revising implants with
PPO in patients who did not have pain. Our single case that
was bone-grafted and inwhich the PPO recurred rapidly does
not prompt us to recommend this procedure. We are inclined
to recommend close observation of these cases, at least until
it is clear whether they stabilize or continue to progress,
which increases the chances of implant loosening.

Table 2 Width of radiolucent zone at zones 4–5 and zones 9–10 in different diagnostic groups

Width of radiolucency
at zone 4–5
(mean of zones 4 and 5)

Width of radiolucency
at zone 9-10 (mean of
zones 9 and 10)

Rheumatoid 2.1 mm 0.8 mm

Nonrheumatoid 1.7 mm 0.8 mm

Fig. 6 (a) Periprosthetic radiolucency, confined to the juxta-articular periprosthetic areas, 6 years after TWA. (b) Same case as in a, after bone
grafting under the carpal plate. (c) Recurrent radiolucency under the carpal plate 2 years after bone grafting. No subsidence.
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